Fermentation responses obtained from the rheofermentometer showed that dough consistency induces a significant positive linear effect on dough development, whereas gas 32 development was mainly governed by the fermentation temperature. Wheat bread dough behaviour subjected to a dual mechanical shear stress and temperature constraint showed 34 that dough consistency had a significant linear and positive effect on the starch gelatinization and gelling process. Therefore, breadmaking is highly governed for the dough consistency, 36 namely dough hydration, which has a direct consequence on the mixing, fermenting, cooking and cooling performance of the wheat bread dough.
INTRODUCTION
In breadmaking, mixing is one of the key steps that determines the mechanical properties of 42 the dough, which have a direct consequence on the quality of the end product. The rheological properties of wheat flour doughs are largely governed by the contribution of contribution of long-range (protein-protein) and short range (starch-starch, starch-protein) interactions to the viscoelastic behaviour of wheat flour dough (Amemiya and Menjivar 1992) .
68
Macroscopic changes in the dough properties are mainly consequence of biochemical 70 modifications. Water absorption and both protein content and quality have a strong influence on the properties of dough during mixing and in consequence on the resulting dough 72 consistency (Armero and Collar 1997, Sliwinski et al 2004) . In particular, proteins mainly involved in the viscoelastic properties of the dough are the high molecular weight glutenins 74 subunits, which affect dough viscoelasticity in a similar and remarkable way than the water content (Lefebvre and Mahmoudi 2007) . During mixing the structural and rheological 76 changes are accompanied of changes in the gluten protein composition (Skerrit et al 1999) .
Namely, mixing process induces an increase in the amount of total unextractable polymeric 78 protein and large unextractable monomeric proteins (Kuktaite et al 2004) . 
86
The importance of having this information is even more crucial for the processes involving 88 retarded fermentation, like in the case of frozen dough. Nowadays, interrupted breadmaking processes are widely employed for decreasing the loss of consumers acceptance associated 90 to loss of bread freshness (bread staling) during storage (Rosell and Gomez 2007) . In those breadmaking process the mixing energy input, type of mixer, water amount in the formulation and the presence of additives have great impact in the quality of bread (Nemeth et al 1996) .
Breadmaking conditions must be specifically defined for this type of products.
94
The aim of this study was to determine the effect of both mixing and proofing temperature 96 ranges and dough consistency on dough handling ability and fermentative performance of wheat bread doughs in order to know the most appropriate experimental conditions to 98 optimize rheo-fermentative. For that purpose an experimental design was used. The responses of the bread dough during thermal treatment were also determined by using the 100 Mixolab device.
MATERIALS AND METHODS

102
Commercial wheat flour for breadmaking was used in this study. The characteristics of the flour were: 14.51% moisture content (ICC 110/1), 9.54% protein content (ICC 105/2), 1.09% 106 mm and 237 10 -4 J for tenacity (P), extensibility (L) and deformation energy (W), respectively.
The bread improver or processing aid (83.2% wheat flour, 15% Multec datem HP20, 1%
108
fungal α-amylase and xylanase, 0.8% ascorbic acid) was provided by Puracor (GrootBijgaarden, Belgium). The rest of the ingredients were acquired in the food market. Preliminary experiments were performed to determine the amount of water required for 122 obtaining the dough consistency levels specified in the experimental design.
124
Mixed dough samples were immediately transferred to the Mixolab device and
Rheofermentometer vessel for further analysis.
126
Fermentation
128
The rheology of dough during fermentation was determined using a Rheofermentometer F3
(Tripette et Renaud, France) following the supplier specifications. Hydrated wheat bread 130 dough (315g) was placed in the fermentation vessel at different temperatures (according to experimental design) for three hours; a weight constraint of 2.0 kg was applied. The
132
rheofermentometer measured and recorded simultaneously the parameters related to dough development, gas production, and gas retention. A detailed description of this equipment and 134 the parameters is reported by Erdogdu-Arnoczky et al (1996) and Wang et al (2002) .
Mixolab measurements
136
Mixing and pasting behaviour of the wheat bread dough was studied using the Mixolab (Table 2) .
184
Dough consistency, the most prominent factor affecting dough mixing parameters, had a significant linear effect on most of the Farinograph responses, with the unique exception of 186 development time, on which dough consistency induced a negative quadratic effect.
Elasticity defined as the bandwith of the farinogram, which in the case of the mixograph has 188 been related to extensional properties of the dough during mixing and can be used to assess indirectly the role of water in the lubrication during mixing (Gras et al 2000) . Results obtained
190
in the present study shows that in the Farinograph as well, the elasticity or bandwith is significantly related to water hydration, and as the dough consistency increases (water added 192 decrease) the elasticity increases and thus the extensional viscosity.
The temperature during mixing resulted in significant (α<0.01) negative linear effect on the moduli, having the hydration in the range (43-47%) an identical effect on both moduli 222 (Hibberd 1970) . Results from the present study showed that water content in the range 49-63% also has also a predominant effect on bread dough (in the presence of baker's yeast)
Effect of consistency and temperature on the fermentation responses of wheat bread dough
228
One of the main objectives of mixing is to develop a three dimensional viscoelastic structure with sufficient gas retaining properties for holding the carbon dioxide released during the 230 fermentation. During fermentation, the expansion of the air bubbles previously incorporated during mixing will provide the characteristic aerated structure of bread. Dough used for 232 breadmaking involving freezing has usually greater consistency than the conventional dough because the water amount is reduced (Sahlstrφm et al 1999 , El-Hady et al 1996 . This 234 consistency will affect the subsequent operations like fermentation and baking. The changing properties of dough during fermentation stage were continuously measured by the 236 rheofermentometer, which provided information about dough development, gas production and gas retention (Bloksma 1990).
238
Bread dough corresponding to the different runs of the experimental design showed large differences in their behaviour during fermentation (Figure 2 ). Different groups were classified 240 according to their dough development trends during fermentation. Some bread doughs (runs 3, 5, 11, 12) showed very low stability during fermentation, which was related to the bread 242 doughs with the lowest consistency and high either mixing or proofing temperature. That effect was particularly extreme for the run 11 that corresponded to the bread dough with the 244 lowest dough consistency (300 BU). In addition, there was a group of samples with very low rate of volume increase, which corresponded to the runs (8, 10, 13, 14, 15) with the lowest 246 temperature along fermentation. The highest stability during fermentation was observed with the highest consistency bread dough, mixed at 24 ˚C and fermented at 25 ˚C (run 2).
248
All the recorded parameters during the fermentation of wheat bread dough were significantly 250 dependent on the wheat bread dough consistency and fermentation temperature (Table 3 and 4). The temperature during dough mixing did not have any significant single effect on the fermentation responses. The regression equations obtained for dough development responses showed very high correlation coefficients, ranged from 87 to 95% (Table 3) 
268
end of the fermentation (h), the dough stability and the time to reach the maximum volume (T1) were affected in opposite manner by these two independent variables. Therefore, from
270
Figure 3 it can be extracted that bread dough stability can be increased by performing high consistency bread dough. As it was expected, fermentations can be accelerated by raising 272 the temperature and when high temperature is needed for fermenting bread dough increasing bread dough consistency can overcome the problems associated to low stability.
274
Conversely, when a retarded fermentation is required, high bread dough consistency associated to low temperatures are advisable.
In addition, temperature along fermentation significantly (α<0.001) affected gas development the variance in the gas development responses during fermentation, as indicated the values 280 of the correlation coefficients, R 2 . Fermentation temperature had a linear effect on all the gas development responses, and in addition, this factor induced a quadratic effect on the time to 282 reach maximum gas production (T'1), the time when appears dough porosity (Tx) and the volume of retention. However, the effect of the fermentation temperature was positive on the 284 maximum gas development (H'm), total volume, volume of carbon dioxide lost and volume of retention, whereas was negative on T'1, Tx and retention coefficient. Gas retention is of 286 considerable interest due to its repercusion on the crumb structure and volume of bread 
324
Regardless run 2 that corresponded to the highest consistency (700 BU), small differences were observed during the mixing stage, which was expected since the bread samples were 
340
Therefore, high consistency bread doughs (low hydrated) derived in limited gelatinization and also limited gelling.
342
As occurred in the analysis of the mixing behaviour of the dough carried out in the 
382
rheofermentometer showed that dough consistency induces a significant positive linear effect on dough development, whereas gas development was mainly governed by the fermentation consistency and temperature of mixing and/or fermenting should always be defined as a combination to reach optimum performance of dough along breadmaking.
388
Data from this work can be used for optimising the mixing and fermentation conditions of bakery products, especially those subjected to low and sub-zero temperatures that required 390 retarded fermentation during breadmaking process.
392
Thematic 
508
Rheofermentometer device. Numbers in legend are referred to experimental runs. Detailed information about the runs is described in Table 1 . 
516
Mixolab device. Numbers in legend are referred to experimental runs. Detailed information about the runs is described in Table 1 . where x 1 = DC, x 2 = MT (*), (**), (***) significant at α<0.05, α<0.01 and α<0.001, respectively. where x 1 = DC, x 2 = MT, x 3 = FT (*), (**), (***) significant at α<0.05, α<0.01 and α<0.001, respectively. where x 1 = DC, x 2 = MT, x 3 = FT (*), (**), (***) significant at α<0.05, α<0.01 and α<0.001, respectively. 
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